The wetting and soaking solutions and contact lens cases of eye clinic patients commonly were contaminated with gram-negative bacteria during their use. Serratia marcescens occurred most frequently in preserved solutions, whereas Pseudomonas aeruginosa was most often recovered from home-prepared saline. The bacteria were recovered at densities of >106 cells per ml and typically persisted in the solutions. Eight patients who developed bacterial keratitis during 1986 used solutions contaminated with the etiological agents of the infections. Improper hygienic practices of the patients and failure of some preservative systems were implicated in the development of the infections.
Recent investigations have documented an increased incidence of Pseudomonas aeruginosa keratitis associated with hydrogel contact lens wear (2, 6) . These infections have been related to contact lens damage to the corneal epithelium from anoxia or ill-fitted lenses, situations that predispose the eye to infection (3, 7) . Improper hygienic practices and the use of contaminated solutions have been reported to be involved in the etiology of bacterial keratitis among contact lens wearers (10) . Wilson et al. (12) and Mayo et al. (5) have demonstrated that the isolates of P. aeruginosa from corneal ulcers and contaminated saline solutions of a given patient were of the same strain. Serratia marcescens, which is currently the etiological agent in approximately 5 to 10% of gram-negative corneal ulcers, also has been found in contact lens solutions of keratitis patients (4, 7, 8) . The persistence of S. marcescens in variously preserved contact lens solutions has been reported, but clinical implications of these findings have not been resolved (1, 9, 11 
RESULTS
In-use ocular solutions from 75 patients commonly yielded gram-negative bacteria (Table 1) . Between 40 and 80% of the soaking and wetting solutions, contact lens cases, and nonpreserved salines contained microorganisms. The lens cases contained higher densities and larger varieties of bacteria. S. marcescens was the most common organism in preserved solutions, occurring in 11 of the 24 contaminated soaking and wetting solutions and in the 2 contaminated ophthalmic steroid suspensions. Serratia frequently was the only species isolated from the preserved solutions. Other common microorganisms isolated included Enterobacter cloacae, P. maltophilia, and Klebsiella ozaenae. Pseudomonas spp., particularly P. aeruginosa, occurred in 55% of the nonpreserved salines. It was also commonly encountered in the lens cases of the same patients. Most often, cell densities in the contaminated solutions, as determined by dilution procedures, exceeded 106 cells per ml.
Of eight patients with bacterial keratitis, all were found to be using contaminated solutions (Table 2 ). S. marcescens was the etiological agent and the contaminant in the preserved solutions, whereas Pseudomonas sp. was associated with saline solutions. This distribution in preserved and nonpreserved solutions was not observed with the examination of solutions from patients with conjunctivitis or without symptoms. S. marcescens was isolated from a chlorhexidine-preserved wetting and soaking solution and from homeprepared saline of two patients with conjunctivitis, whereas P. aeruginosa was obtained from the chlorhexidinepreserved solutions of two patients who exhibited no symptoms. P. aeruginosa was isolated from a swab of the conjunctiva of one of these latter two patients. As indicated previously, cell densities exceeded 106 cells per ml even when solutions or lens cases appeared clean.
New products representing the various categories tested, including 25 soaking and wetting solutions, also were screened for microorganisms. None of the new products yielded microorganisms. Random sampling of 151 solutions of 26 patients indicated that about 12% of these in-use solutions yielded gram-negative rods. Products followed while they were in use became contaminated with reproduc- VOL. 25, 1987 ing populations, generally within 1 month of their distribution to the patient. Representative preserved solutions that became contaminated were maintained in the laboratory and cultured after 1 to 6 months. The contamination persisted in all of the 18 solutions retested without evidence of marked reduction in cell densities. In a few instances, cell densities increased. Cell densities determined for fluids in containers with an elongated tip, such as the steroid suspension, were of a twoto fivefold greater magnitude when the suspension was expressed through the applicator tip as contrasted with densities obtained for suspensions withdrawn aseptically through the wall of the container. Eight contaminated hard contact lens wetting and soaking solutions that had been maintained in the laboratory for over 3 years from a previous study (1) also contained densities of S. marcescens of >106 cells per ml.
Isolates of P. aeruginosa from the corneal ulcer and the saline of the same patient were available for only two of the four keratitis cases. The paired isolates were of the same serotype (patient E, serotype 0:11; patient F, serotype 0:10). Both corneal ulcer and saline isolates of patient F lacked plasmids. The isolate from the corneal ulcer of patient E had two plasmids (8 and 12 megadaltons), but the isolate from the saline lacked plasmids. None of the eight representative isolates examined was resistant to gentamicin or tobramycin.
Most isolates of S. marcescens were nonpigmented. All 19 representative isolates examined during 1986 were susceptible to amikacin, gentamicin, tobramycin, and trimethoprimsulfamethoxazole; all were resistant to cefamandole, cephalothin, and chloramphenicol. Some resistance to carbenicillin and cefoxitin was noted. These 1986 isolates were all nonpigmented, and none assimilated lactose, contrary to most isolates obtained during the previous 5 years. Except for one isolate from a sorbic acid-preserved wetting solution, none demonstrated the presence of plasmids.
DISCUSSION
The selective nature of our study group (all patients using contact lenses or developing infectious corneal ulcers during 1986) does not permit us to extrapolate the demographics of this study to a general population. Nevertheless, used ocular solutions, particularly of contact lens wearers were commonly contaminated with mixed populations of microorganisms. S. marcescens was the most common contaminant in preserved solutions, whereas pseudomonads were more common in nonpreserved saline solutions. The Pseudomonas and Serratia spp. present in the contaminated ocular solutions of our patients were probably not of nosocomial origin since they were susceptible to tobramycin and gentamicin. Both Serratia and Pseudomonas spp. appeared to be established as reproducing populations in ocular products after only a few uses and persisted in these solutions for prolonged periods. Two patients (patients A and D) demonstrated successional corneal ulcers after resumption of the use of their contaminated materials. In 1981, we had a similar episode of successional Serratia corneal ulcers with a patient who used a contaminated steroid suspension. Therefore, the clinician should emphasize the need for patients to discard used ocular steroid suspensions and contact lens solutions following any infectious episode.
The failure of patients to maintain good hygienic practices in the handling of their solutions appeared to underlie the development of most corneal ulcers. The resistance of bacteria to currently used preservatives further stresses the need of the patients to be meticulous in cleaning and disinfection procedures and the need of the physician to be alert to possible contamination of ocular medicants.
